contamination is the third leading cause of food poisoning worldwide and is always related to nonstandard health measures. Based on β-lactam susceptibility, S. aureus is commonly divided into 2 categories: methicillin-susceptible S. aureus (MSSA) and methicillinresistant S. aureus (MRSA).
2 Since the emergence of resistant strains, especially MRSA, treatment of S. aureus infection is becoming more difficult, and this pathogen represents a serious threat to human health. 3 The reasons underlying the difficulty in treating S. aureus infection in recent decades are partly attributable to the virulence factors produced by this pathogen. Various virulence determinants, including hemolysins, staphylococcal enterotoxins, toxic shock syndrome toxin-1 (TSST-1), and Panton-Valentine leukocidin (PVL), are associated with S. aureus infections. 4 In general, different combinations of virulence genes may determine disparate infection outcomes.
At present, many molecular typing methods are used for the genotypic characterization of S. aureus. The main methods include pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST), staphylococcal protein A (spa) typing, and accessory gene regulator (agr) typing. PFGE has been acknowledged as the "gold standard" for molecular typing of S. aureus because of its excellent discriminatory power and ability to type most bacterial species. 5 However, as it is difficult to compare results between laboratories and over time, PFGE is not appropriate for long-term and wideranging epidemiological studies. 6 MLST and spa, both developed recently, are sequence-based typing methods. MLST depends on 7 housekeeping loci and nucleotide variations among them for typing. 7 Spa typing relies on the features, order, and number of repeat sequences in the x region of spa. 8 Furthermore, spa typing is easier and less costly than MLST and PFGE. 6 Agr typing relies on detecting polymorphisms in the amino acid sequence of the agr-encoding auto-inducing peptide and its corresponding receptor and always encompasses 4 major groups (agrI-IV). 9 It would be interesting to investigate different spa and agr types in S. aureus isolates with different origins. The aim of this study was to determine the prevalence of MRSA, antimicrobial resistance, and virulence-associated genes carried in bacterial strains and to compare the diversity of these factors in S. aureus obtained from different sources. Moreover, the molecular genetics underlying the relationships between isolates from clinical and food origins were analyzed using the spa and agr typing methods.
| MATERIAL S AND ME THODS

| Bacteria
In this study, we collected 275 S. aureus isolates from Zhengzhou city, Henan Province, China, from July 2013 to December 2015. Of the 275 isolates, 148 isolates were from patients at 2 hospitals in Zhengzhou city and included 85 isolates from secretions, 10 from transudation, 7 from cerebrospinal fluid, 20 from blood, 11 from phlegm, and 15 from urine. The remaining 127 isolates were from ready-to-eat food samples, comprising 55 isolates from fresh meat, 18 from meat products, 17 from fruits and vegetables, and 37 strains from cereal products. All bacterial strains were stored at −80°C before use.
| Antimicrobial susceptibility testing and DNA isolation
Antimicrobial susceptibility testing was performed using the broth dilution method according to the recommendations of the Clinical 
| spa and agr typing
The spa repeating region was amplified by PCR as described by
Harmsen.
15 spa types were determined using the spa server website (http://spa.ridom.de/spaserver/). agr allele types were determined through multiplex PCR as previously described. 
| Statistical analyses
The statistical methods used for analysis were the Chi-square test and Fisher's exact test. P < .05 was considered statistically significance. Statistical analyses of all data were performed using SPSS version 21.0 software. More information about the distribution of resistance genes is provided in Table 2 . The ermA, msrA, and tetM carriage rates were significantly higher for MRSA than MSSA among clinical isolates (P < .05).
| RE SULTS
| Antibiotic resistance of Staphylococcus aureus isolates
There was no significant difference in resistance genes between MRSA and MSSA among food isolates (P > .05). Furthermore, no isolates of food origin were positive for ermA and tetM. In general, the
acc(6′)/aph(2′), aph(3′)-III, ermA, ermB, and tetM carriage rates among
isolates of clinical origin were higher than among those of food origin (P < .05). Conversely, the frequency of ant(4′,4′') in food isolates was higher than that among clinical isolates (P < .05).
| Prevalence of virulence genes in
Staphylococcus aureus isolates
Of the 275 isolates, the percentage of hla was highest (97.09%), higher in MRSA strains than in MSSA strains among food isolates (P < .05). The sea, seb, pvl, and etb carriage rates among isolates of clinical origin were significantly higher than those among isolates of food origin (P < .05). In contrast, the hla and hlb carriage rates were higher among food isolates than among clinical isolates (P < .05).
Moreover, all food strains were positive for hla. The prevalence of virulence genes in S. aureus isolates is shown in Table 3 .
| Molecular characteristics of Staphylococcus aureus genotypes
A total of 63 spa types were found among the 275 S. aureus isolates.
The most prominent spa type was t030, which accounted for 15.64%
(43/275) of isolates, followed by t002 (10.55%), t189 (8.36%), t091 TA B L E 1 Antibiotic resistance of Staphylococcus aureus isolates, n (%) The prevalence of antibiotic resistance among MRSA and MSSA isolates of food origin was compared. The prevalence of resistance genes among MRSA and MSSA isolates of food origin was compared. The prevalence of virulence genes among MRSA and MSSA isolates of food origin was compared.
c
The prevalence of virulence genes among clinical isolates and food isolates was compared.
(6.55%), t437 (6.18%), t701 (5.82%), and t127 (5. 
| D ISCUSS I ON
Staphylococcus aureus is one of the most common pathogenic bacteria in the clinic and in the community, and the presence or absence of resistance and virulence genes is closely related to the pathogenicity of S. aureus infection. Analysis of the features of antibiotic resistance and detecting the distribution of resistance and virulence genes in S. aureus isolates from different sources will guide rational drug use among clinicians and prevent the dissemination of infection.
In the present study, 34.18% of all S. aureus isolates (275) in an earlier report (10.7%). 23 Moreover, our study found that only the sec rate was higher in MSSA isolates than in MRSA isolates. This finding was in agreement with a previous study. However, the same previous study also detected higher frequencies of pvl and tsst genes in MSSA strains and higher frequencies of sea and eta genes in MRSA strains among clinical isolates, 24 unlike our results, which showed no differences in the sea, seb, hla, hlb, pvl, eta, etb, and tsst rates between MRSA and MSSA strains of clinical origin. The reasons underlying these differences may be related to the different strain origins.
Staphylococcus aureus is a major food-borne pathogen.
Symptoms of S. aureus infection include nausea, vomiting, abdomi-
nal cramping, and sometimes diarrhea. 25 In this study, 127 isolates were collected from food samples. Of these, 38 (29.92%) isolates were MRSA; this rate did not differ from that among clinical strains, indicating that MRSA contamination in food has become a serious problem. Interestingly, among the 127 food isolates, there were no differences in antibiotic resistance rates between MRSA and MSSA strains, unlike clinical isolates. Similarly, there were no differences in resistance gene rates between MRSA and MSSA strains, probably because exposure to agricultural and environmental sources of antibiotics initiated the development of resistance in these strains.
MRSA strains did not show higher rates of resistance than MSSA strains among isolates of food origin, unlike clinical isolates, probably because hospitals utilize many antibiotics to maintain selective pressure, According to antimicrobial susceptibility testing, the penicillin resistance rate reached 91.34%, making it the least effective drug. Second to penicillin was erythromycin, demonstrating a resistance rate of 59.06%. This result differed from a report indicating that resistance to trimethoprim/sulfamethoxazole was most common in bacteria isolated from goat milk. 26 The present study did not identify food-derived isolates resistant to linezolid, vancomycin, rifampin, and moxifloxacin, but 94.49% of food isolates were resistant to at least 1 antibiotic. Furthermore, a higher rate (51.97%) of multidrug resistance (resistance to 3 or more antimicrobial categories) was identified in ready-to-eat food samples compared with a rate of 3.8% in Malaysia. 27 The 127 food isolates were also screened for virulence genes to determine their pathogenic risk. All food strains were positive for hla, in accordance with a study conducted in Asturias, which found that all strains isolated from cow milk harbored the hla virulence gene. 28 Moreover, it was reported that hla was related to an outbreak of staphylococcal food poisoning. 29 Another (Table S2) . Consistent with this, the genomes of clinical strains contained more virulence genes (≧ 5) (Table S3) , and virulence gene rates were not low among either source of isolates; almost every strain contained at least 2 virulence genes, indicating that strains from both clinical and food sources had high virulence potential. These results also suggested that food contaminated with S. aureus has higher pathogenic potential, with implications for human health. Thus, food safety issues should be taken seriously.
During processes associated with food production and sales, food handlers should endeavor to follow hygienic measures to ensure the safety of human consumers. demonstrates high resistance to antibiotics that are commonly used in clinical settings, which may be the reason for its widespread distribution in hospitals, and our results indicate that some spa types may only appear in strains with specific origins.
The most common spa type among food strains was t002, followed by t127, t189, and t901. It was previously reported that t127 is associated with serious human infections in the United
States and Germany, 33 indicating food safety measures must be strengthened to minimize the infection rate. t189 is frequently identified in food isolates; for example, 1 study showed that the most prevalent spa type in raw and processed food commodities in Shanghai was t189. 34 In our study, t189 was present in 6.08%
of clinical strains and ranked third in prevalence. This result indicates the important correlation between food-originating S. aureus and popular spa types in clinical isolates. A previous study
showed that different spa types may contain different numbers of virulence genes, 35 but the present study did not corroborate those findings. Of the 275 S. aureus strains obtained from 2 sources, MRSA SCCmec type III was the most common. It was previously reported that the most common MRSA type in Asian regions other than Japan and South Korea, which primarily carry the SCCmecII genotype, is SCCmec type III. 36 In MRSA strains of clinical origin, the most common type was MRSA-t030-agrISCCmecIII, which was consistent with the results of a previous study in central-southern China. 10 We also found that some strains belonging to the same spa type were present in the same agr group. For example, strains carrying spa type t127 were all present in agr group III. In addition, t189, t091, and t078 strains all belonged to agr group I. These results imply that some spa types may belong to 1 specific agr group, and there are relationships between different genotypes.
In conclusion, clinical isolates contained more resistance genes and demonstrated higher rates of antibiotic resistance than food strains, although all strains from both sources exhibited high viru- 
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